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Motivations

High 07 reactions give access €
to internal dynamics of the nucleon

Exclusive elastic reactions

© Deep exclusive reactions
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Form Factors c f
=> transverse position ¢ :
X+ X —
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Deep inclusive reactions p t p
© Generalized
¢ X = Xp Parton Distributions
0* GPDs T
1, (GPDs)
Parton Distributions :
p = correlations ! b,
= longitudinal momentum fraction 0 = quark o

X

= quarks contribution to nucleon spin x angular momentum

1



GPD formalism for vector mesons I
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Experiment goals I

Test of the validity domain of GPD formalism for the @ meson case

v" Determine if the processus is measurable

v" Check if there is s-channel helicity conservation (SCHC)
v Extract oy (y*,p—pM,) and test scaling law in 1/Q°

v" Determine if the processus is dominant
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Need to study all channels to make a flavor separation of GPDs

Mesons GPD combinaisons
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p’, w, ¢ meson ?
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— p’ meson study already done at 4.2 GeV
— Very little existing data for w meson
— Pion exchange role not known at high O
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JML* model based on Regge theory I

* Jean-Marc Laget et al.
Regge trajectories exchange in ¢ channel l : &
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Experiment I

(" October 2001 — January 2002

Electron beam : E =5.75 GeV, =7 nA
1.25 billions events

11 terabytes of data on tape
Integrated Iuminosity : 30 fb-!

CLAS el-6 run <

e poe pw



First part of data analysis I

Extraction of cross sections (study of epn*X final state)

e p—e paw +background nbackground N
Oc¢ p—e po , N=—"2
Lint eﬁ

* Particule identification

* ®» channel identification

* Determination of CLAS efficiency in 4D
* Background subtraction

* Normalization



Identification of channel epoepo
N

through missing mass

Separation of :

E o — - (M =783 MeV, I’ =8 MeV)
X p! > "t (M =770 MeV, T = 151 MeV)
8
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Determination of CLAS efficiency in 4D

through simulation

4 kinematical variables

=> 4D efficiency table N o~ F v
) 2T pdvi !
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For each 4D bin : eff = Nacc/Ngen eff ~2.5%



Background subtraction I

— Event weighting : w=1/eff(O°,x,,1, ¢)

— Fit of My[epX] with :
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— Subtraction of Pol2.

1

y(m) = Skewed Gaussian + Pol2
(peak + radiative tail) (background)
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— Integration of event number between 720 and 850 MeV.
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+ binning in ¢ or ¢

I e——
| |

Fom — —
I
I
I
I

M 19 1 1S
B
¥ s

e
I

e L
=

M M 4

I-.?,--J

x; from 0.16 to 0.70

“
i)

>
yE
o9 2 19"

Background subtraction (cont.)
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Extractionofo_. . . I
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Comparison with previous data I

G (ubarn)

G (UWbarn)

Comparalson avec DESY 1977 (+ photoproductlon)

]

1.0 |
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LB

¢ DESY 1 7<W<2

® JLab 1.82<W<1.88
¢ DESY 2<W<2.2

® JLab 2.05<W<2.15
< DESY 2.2<W<2.8

i ® JLab 2.35<W<2.5 |

0.1

Comparaison avec Cornell 1981

1.0 |

0.1

® JLab 1.95<W<2.05

O Cornell 1.7<W<2.3

O Cornell 2.3<W<3.7
® JLab 2.7<W<2.8

— Compatibility
with DESY data (1977)

= Disagreement
with Cornell data (1981)

(O’ range
much extended with our data



Differential cross sections in ¢ I
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=> First indication of helicity non conservation in s-channel



Differential cross sections in 7 I
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Comparison with JML model I
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Second part of data analysis I

* ® channel 1dentification

Angular distribution of ® decay products

(study of epn'm X final state)

» Determination of ® polarization

» Test of s-channel helicity conservation (SCHC)

* Determination of CLAS efficiency in 6D

* Study of ® decay

l

6D efficiency table
0’, Xp t, 90y 0y
eff ~0.15%
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Formalism for o decay I

Decay angular distribution :

( p
§ W(CosﬁN,cﬂN,¢, r )

o, <> virtual photon polarization

N
v

ﬂ f(pl] ER)

| > i, j > ® meson helicity

p;; elements of w spin density matrix
¢ parameter of virtual photon polarization

R=0,/0; (Rp:o=0;+¢0))
Deduce :

* @ polarization via rB (pg)

* SCHC test: =0 (necessary condition) .
Y w
 If SCHC, then r=/ / (1—;&;‘): separation 6, , 6
e Test of hypothesis of natural parity exchange in the ~channel (NPE) : | g;’,llf :gglz
1— ,/(%‘ + 2r10‘11 2’"11 | 2’”11 =0 (necessary condition)

Y Y



Study of ® decay

@ 1D projection method
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Study of ® decay (2)
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® decay study 3) I

2
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® decay study (4) I

@ Method of moments :
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Contribution of ¢o;

from VGG (GPDs) and JML (Regge) models

VGG model:

M. Vanderhaeghen,
P. Guichon,

M. Guidal

G (UWbarn)

o (Ubarn)
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Conclusions and perspectives I

* Precise measurements of the e p— e pw reaction at high O
and over a wide range in ¢

 Exclusive reactions are measurable at high O?
(even with the current « modest » CEBAF energy)

* First significant analysis of @ decay in electroproduction

What do we learn ?

* Cross sections larger than anticipated at high ¢
* SCHC does not hold
» Evidence for unnatural parity exchange
— 7Y exchange very probable even at high O



Comparison to models

« JML model (Regge) :

Good agreement when introducing a ¢ dependence in the 7wy form factor
— suggests coupling to a « point » object at high ¢

* VGG model (GPDs) :

Direct comparison not possible since o; not measured

Nevertheless

— handbag diagram contributes only about 1/5 of measured cross sections
— no incompatibility

— o most challenging/difficult channel to access GPD

Perspectives

* Continue the comparison of our results with the JML model:

(o77) O71, ’”gj)
 Systematic study of other processes (ep—>epp? @,y)
in view of an interpretation in terms of GPDs

* Measurements feasible up to 0°=8-9 GeV? with CEBAF@12 GeV
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